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An Experimental Study of Vitamin E on the 
Etiology of Pancreatitis 
HI TOSH! KA TO 
ト；ccondDepartment of Surgery, Faculty of Medicine, Kyoto University 
(Director: Prof. Dr. YORINORI HIKASA) 
It has been already reported that a deficiency of polyunsaturated fatty acids or essential 
fatty acids (EF A) is one of the diathesis of pancreatitis, especially in gallstone pancreatitis. An 
EFA deficient diet causes instability of the pancreatic acinar cel membrane, and severe experi-
mental pancreatitis occurs more frequently in hamsters fed on an EFA deficient diet than on an 
EFA SU伍cientdiet. Therefore fat emulsions which contain a large amount of EF A have been 
used for the treatment of patients with pancreatitis and the results were satisfactory. 
During this treatment, it was found that serum levels of vitamin E increased and this increase 
was derived from soy bean oil contained in the fat emulsion. Vitamin Eis closely related to EF A 
and membrane stability. And patients with pancreatitis show low levels of serum vitamin E. 
Thus in this study, the role of vitamin E in the etiology of pancreatitis was examined experi-
mentally. 
Hamsters were weaned at three weeks of age and divided into three groups: vitamin E 
SU伍cient(dl-a-tocopheryl nicotinate 23.4 mg/100 g diet) and stripped corn oil added diet (Group 
1), vitamin E deficient (less than 0.5 mg/100 g diet) and stripped corn oil added diet (C~roup 2) 
and vitamin E deficient diet (same dose as Group 2) without stripped corn oil (Group 3). These 
diets were fed for four weeks. 
1) Vitamin E (a-tocopherol) levels in serum, pancreas, liver and spleen were measured using 
HPLC method reported previously by the author. The serum and tissue levels of a-tocopherol 
were highest in Group I、andlowest in Group 2 which was fed on EF A added diet without 
vitamin E. 
2) Lipid peroxide levels were measured in serum and pancreatic tissue as tiobarbituric acid 
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(TBA) value. Group 2 showed highest levels of TBA value in both serum and pancreatic tissue 
and Group 3 showed lowest levels. 
3) Pancreatitis was induced by infusion of 0.2 ml saline containg taurocholate and trypsin into 
the pancreatic duct under 25 cm H20 pressure. After 24 hours, the severity of pancreatitis was 
evaluated; severe pancreatitis occured more frequently in the vitamin E deficient diet group 
(Groups 2 and 3) than in the vitamin E su伍cientdiet group (Group 1) (p< 0.005). Although 
in Group 3，忘れでrepancreatitis was rerongnized somewhat more frequently than in Group 2, 
this difference was not significant. 
4) The diffuse hemorrhage was more frequent in Group 2 than in Group 3, on the other hand the 
fat necrosis was more frequent in Group 3 than in Group 2. 
5) The serum and urinary levels of amylase were also higher in Groups 2 and 3 than in Group 1. 
The histological findings were almost the same as those of macroscopic findings. 




の一致をみない点も少なくない．とくに，発生原因と 同族体である α，{3,y, 8－トコフエローJレが完全に分離
して最も多い胆石による捧炎に関しては，谷村らが栄 して，しかも測定時間は10分以内と迅速に行なえる著
養学的立場から研究をすすめ，必須脂酸欠乏がコレス 者らの考案した高速液体クロ 7 トグラフィ一法により
テローノレ胆石を高率に生ぜせしめるとともに53＇，勝腺 行なった品跡51> すなわち，測定機器としては目立635
房細胞の膜構成成分の異常をもたらし，膜の安定性を 型高速液体クロ 7 トグラフィーを使用し，目立204S
低下せしめ「降炎準備状態」となっているととを明ら 鐙光光度計を検出器とし（励起波長298nm，検出波長
かにしてきたso,s2,s9》 さらに臨床的にも勝炎の治療と 325 nm），カラムは Nucleosil-5NH2(5 μm）を充填し
して，必須脂酸を多く含む脂肪乳剤を投与し良好な成 た4×250mmのstainlessstel columnで，移動相IC





膜の安定性に関与しているとされており品加，M ，特に を共栓スピッツ中に採り，蒸留水 0.5mlをζれに加
勝炎症例では血清ビタミンE値は低いこと25,27・28品加， えて vortexmixer lとて撹持した．内部標準として7
また長期にビタミンE欠乏食を投与した動物に捧炎が μgのトコールを含むエタノ－；レを lml加え，再び撹
発生することなどが報告されている山知 乙れらの観 持を行なった後， 5mlのn-Hexanを加え5分間160



























ンEおよび必須脂酸投与群とし， Table 1 (C示すビタ
ミンEを極力排除した（白ー トコフムロー ノレ 0.5mg/100 
g以下）実験食餌成分lζ食餌 100gあたり di-aートコ
フェリ Jレニコチネー ト 23.4 mg (20 LU.）および分子
蒸留してビタミンEをぬきとってあるトーモロコシ油
(Stripped corn oil, Eastman Kodak社製）を添加し
Table 1. Experimental vitamin E deficient diet 
g/100 g diet 
Corn starch 36 
日－Wheatstarch 10 
Sucrose 5 
Casein (vitamin free) 25 
Stripped corn oil* 8 
Salt mixture料 6 
Vitamin mixture*** 2 
Purified fiber 8 
* Produced by Eastman Kodak Chemistry. 
Group 3, corn oil was not added. 
帥 K692, P 597, Ca 411, Na 270, Mg 86, Fe 41, 
糾 Zn0. 4, Mn 1.3, Cu 0. 08, I 7.7 (mg/100 g diet) 
* Vitamin A 1000 I U, D2 200 IU, B1 2. 4 mg, B2 
8. 0 mg, B. 1. 6 mg, B12 0. 001 mg, C 60. 0 mg, 
Ka 10. 4 mg, Biothin 0. 04 mg, Folic acid 0. 4 
mg, Ca-Panthonate 10 mg, P-aminobenzoic acid 
10 mg, Niacin 12. Omg, Inositol 12. 0 mg, Cholin 






の卜ーモロコシ油のみを加えた群である. c;roup III 
はビタミンEおよび必須脂酸の両者を欠乏させた群で，





































Table 2. Criteria for numerical grading of experimental pancreatitis 
Grade 
I l Pancreatic lesion 
Clinical response i 一一一ーー 一「一
: Head ! Body，’fail 
0 1 Toward recovery Edema 
???? Sustained illness Petechiae 
! Volume of I Color of 
1 Fat necrosis i peritoneal I peritoneal 
1 ' effusion I effusion 
i Edema None ! None Serous 
Petechiae Pancreatic 0. 5ml > I Sanguinous 
Necrosis 。Necrosis
' Diffuse Diffuse 
hemorrhage 1 hemorrhage 
I Wide spread 
I Death Peripancreatic ・ 0.5mlく
lnfusate 
Phys. saline 
Taurocholate l 5 % 

















差は拡大し， GroupIでは20.3土1.4, Group Iでは





























各食餌群間の過酸化脂質量は， GroupIl>Group I> 
Group IIIであり， GroupI と GroupIの間（pく





Effects of dietary vitamin E on serum and tissue a-tocopherol levels Table 3. 
Serum 
(μg/ml) 










30. 0±5. 8 I 22. 8土4.9
(441劣） (n=4) j (317%) (n=4) 
2. 7±0. 6 I 1. 2±0. 3 
(40%) (n=5) j (17%) (n=5) 
3. 5-1. 2 I 1. 5土0.3
(51%) (n=6) j (20%) (n=6) 
11.7±3.2 I 12.5±2.0 
(172%) (n=6) j (174%) (n=6) 
(:¥lean士SD)
















i Group I 
i (E+. EFA+) 
2 weeks I Group I 
I (E-, EFA+) 
, Group il 
i (E , EFA ) 
Group I I 
(E+, EFA+) j 
Group I 1 
(Eー， EFA+) I 
Group ID I 












Group I, Group IIIで重症なものが多い傾向であっ
た（死亡率の d検定では x2=5.310, p<0.10). 
2. 腹腔内所見
a) 腹水量および性状：腹水は GroupI, I, IIIで
はそれぞれ11匹中4匹（36,Sぢ）.11匹中11匹（1005初，
14匹中13匹（93）＇ぢ Iこ認められ， GroupIとGroupI, 
Group IIIの聞に著明な差を認めた（pく0.01～pく
0. 025). さらに腹水が 0.5ml以上認められたのは司
11匹中2匹（18勿）， 11匹中9匹（82?0),14匹中8匹
(57%）であり，やはり GroupI, Group III に腹水
が多量にみられた例が多かったが，有意差はなかった．
血性腹水もそれぞれ， 11匹中3匹（27<?c). 11匹中6




%). 14匹中11匹（79第）で GroupI, III lζ著明な
棒頭部の変化をみるものが多かったが，有意差はなか
Table 4. Effects of dietary vitamin E on TBA* 
value m serum and pancreas 
1. 7±0. 3 63. 8士10.9
(n=6) (n=5) 
Group I I 2. 4±0. 9 46. 7土12.2
(E+, E京A+)j (n=6) (n=4) 
Group I I 3. 7±0. 8 72. 8土20.6
(E , EFA+) I (n=5) (n=6) 
l三一 I1.山 33.9±7. 0 ト） I (n=6) (n=6) 
I Commercial i 
diet I 
*TBA: thiobarbituric acid 
Tissue 
Pancreas (μg/g) 1 Liver (μg/g) [ Spleen (μg/g) 
6.8±1.l I 7.2土1.3 





























一一一一一一一一－ i Fat necrosis 
Head I Body Tail 
1 Sustained illness Petechiae 





3 I Toward recovery Diffuse hemorrhage i Diffuse hemorrhage i None 
4 Sustai町 dillness Diffuse hemorrhage Diffuse hemorrhage ! None 
5 Toward recovery Diffuse hemorrhage 1 Petechiae 1 Peripancreat1c 
6 Toward recovery I Petechiae 1 Petechiae ; Peripa町 rea tic 
7 Death Diffuse hemorrhage , Petechiae None 
8 Toward recovery Petechiae Edama None 
9 Toward recovery i Petechiae [ Edama Peripancreatic 
10 Death Petechiae Edama None 
11 Sustained illness Diffuse hemorrhage 1 Diffuse hemorrhage None 
None 
0.5mlく Sanguinous










で同様の結果であった．またいずれの Groupでも勝 3. 捧炎重症度判定
頭部の病変に比し， E草体尾部の病変は比較的軽かった． 以上の所見を重症度判定規準を用いて点数化し，ま
c) 脂肪壊死．脂肪壊死を広範囲にきたしたものは， とめてみると Fig.3のようになる.7点以上を重症の
Group Iでは11匹中0匹（0 %) , Group Iでは11匹 捧炎とし，その頻度をみると，GroupIでは11匹中2匹
中1匹（9勿）であるのに対し， GroupIIIでは14匹 (18労）， Group Iでは11匹中10匹（91%),Group II 
中5匹（36%）であり， GroupI, Group I に比し， では14匹中13匹（93%）であり， GroupI iζ比しGroup
Group IIIで特に著明に認められた（pくo.05）.脂肪壊 I. Group IIIで重症のものが多かった（いずれもpく
死の有無では，脂肪壊死があるものは，それぞれ11匹 0. 005). しかし GroupIとGroupIIIとの間では有
中4匹（36%),11匹中6匹（55（記入 14匹中11匹（79 意の差はなかった．さらに8点以上の割合は GroupI 
%）とやはり GroupIII に多かったが，その差は有意 では11匹中1匹（906),Group Iでは11匹中4匹（36
ではなかった.Fig. 2は， GroupIII に生じた重症勝 勾）， Group IIIでは14匹中10匹（71%）であり， Group
Table 6. Macroscopic五ndingsat autopsy (Group日， VitaminE deficient and EF A sufficient diet group) 
Pancreatic lesion 
Clinical response －一一一一一一一一一一一一←一一一l Fat necrosis 
Head Body, tail 
1 Sustained illness 
2 I Death 
3 Sustained illness 
Diffuse hemorrhage I Edema I Pancreas 
Diffuse hemorrhage I Diffuse hemo凶 age!None 
Diffuse hemorrhage i Diffuse hemorrhage j None 
Diffuse hemorrhage ' Diffuse hemorrhage I None 
I Petechiae I p出 chiae I Pe叩ancr削 ic
, Diffuse hemorrhage I Diffuse hemorrhage i Wide spread 
4 1 Death 
5 Sustained illness 
6 吋ustainedillness 
7 Sus凶 neclillness Diffuse hemorrhage I Diffuse hemorrhage [ Pancreas 
8 ' Death ' Diffuse hemorrhage I Petechiae I None 
9 ト＇ustainedillness j Difft山 hemorrhagei Diffr日 hemorrhageI Pancreas 
Diffuse hemorrhage ! Diffuse hemorrhage I Peripancreatic 










0 5ml > I Serous 
0. 5ml > I Serous 
0.5mlく iSanguinous 
0. 5ml > I Serous 
0 5ml > I Sanguinous 
0. 5ml< I Sanguinous 
0. 5ml > I Serous 
0. 5ml > I Serous 
! 0.5ml > I Sanguinous 
0. 5ml> i Sanguinous 
0. 5ml> I Sanguine 
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Table 7. Macroscopic五口dingsat autopsy (Group il, Vnamin E and EFA de而cientdiet group) 
Pancreatic lesion ; Ascites 
1 Clinical response • ァー一 一 ー－, Fat necrosis ー 「
Head 1 Bodv, Tail Volume I Color 
1 Sustained ilness Diffuse hemorrhage] Petechiae None I 0.5ml> ! Sanguinous 
2 Death Diffu宍t、hem
3 Death ' I》eteel】iae I Petechiae None '0. 5mlく lSanguinous 
4 Death Diffuse hemorrhage Petechiae . Peripancreatic I （〕5ml> 1 Sanguinous 
5 Death ・ Diffuse hemorrhage : Pe附 hiac ' I’l＇日 an《川tic ~ 0.5ml＜討ι＂ ui us 
6 Sustained illness 1 Pet iae I Petech : Wide spread '0. 5ml> : S吋川ous
7 Death Petechiac Petechiac 1 Wide spread 0. 5ml> i Serous 
8 Sustained illness , Diffuse hemorrhage j Diffuse hemorrhage i ¥V1de spread J 0. 5mlく Sanguinous
9 Death Diffuse hemorrhage : Petechiae j Peripancreatic , 0. 5ml > ; Sanguinous 
10 Toward recovery Diffuse hemorrhage Diffuse hemorrhage i ¥"1dv spread 1 0.5ml> Serous 
11 Death • Diffuse hemorrhage Diffuse hemorrhage Pancreatic ! 0. 5ml> San日u1nnus
I 0. 5ml< I Sanguinous 
!0.5ml> S川iguinous
i 0.5mlく ISerous 
12 Death Diffuse hemorrhage Diffuse hemorrhage Wide spread 
13 Death Diffuse hemorrhage l:'etechiae None 













血清アミラーゼ値は GroupI, Group IIIがGroup
I K比し高かったが，いずれも有意差はなかった．尿
中アミ ラー ゼ値はGroupIIが最も高く，次いでGroup
III, Group Iのj噴であった（Table8). Group IIと
Group Iとの差は著明で有意差を認めた（pく0.005). 
Table 8. Amylase levels in acute pancreatitis 
(unit/ml) 
i Serum am、lase L・rinarvamylase 
Grout I 3222土778 9431±2109 
(VE+, FA+) (n=6) (n=5) 
Grout Il 3749土1607 19926士6254
(VEー ， FA十） (n=4) (n=6) 
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Group I Group Il Group m 
Vit.E+ Vit.E- Vil.E-
Oil+ Oil+ Oil-
Fig. 3. l':inn<":itltis after induction 
考按




Fig. 2. ＇＼！‘H rnscopic抗ndingsof severe pancreatiti宗inGroup III 
Fi邑.4. Histological日ndingsof severe pancreatit1s. 
Severe pancreatitis in vitamin E and EF A 
de自cienthamster. Extensive necrosis of the 
parenchyma, remakable hemorrhage and 

















oxide: 02 , Hydroxyl radical: OH一）や．あるいは不
飽和脂酸（RH）の二重結合部分の水素がひきぬかれ
た不飽和脂散ラジカノレ（！｛.）等により． 脂質過酸化物
A《・ti¥'t:oxygen (02 , OH etrl 




2GSH. . ROOH 
t；、lll", I ＜；メ1peroxidase 
GSSG，、ROH + H20 
とコ Acceleration
MDA 






























































































































































の所見をとってみても， GroupIよりも GroupI, 
IIIで重症のものが多く， さらに点数化してまとめて
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